Introduction {#S0001}
============

Metabolic syndrome includes central obesity, insulin resistance, elevated blood pressure, impaired glucose tolerance, and dyslipidemia.[@CIT0001] Type 2 diabetes mellitus is dominated by insulin resistance followed by insulin deficiency or not. The cause of insulin resistance usually occurs in obesity.[@CIT0002] Type 2 diabetes mellitus is a metabolic disorder characterized by a combination of peripheral insulin resistance and insufficient insulin secretion by pancreatic beta cells. Insulin resistance is associated with elevated levels of free fatty acids and pro-inflammatory cytokines in plasma. Both will lead to a decrease in the transport of glucose into muscle cells and increased hepatic glucose production.[@CIT0003]

Dyslipidemia is common in insulin resistance or type 2 DM, even with controlled blood sugar. Dyslipidemia is suspected to be associated with hyperinsulinemia. Increased lipolysis occurs in insulin resistance, resulting in increased free fatty acid in plasma which will further increase the free fatty acid uptake into the liver.[@CIT0004] The most important established risk factors for CKD are diabetes and hypertension. However, obesity and metabolic syndrome (MS) also affect independent predictors of CKD.[@CIT0005]

The combination of hyperglycemia, hypertension, hyperlipidemia, and low-grade inflammation can cause metabolic derangements which may initiate changes in heart, pancreas, liver, and kidney.[@CIT0006] Previous research indicated that renal disease patients show increased circulating levels of non-specific markers of inflammation such as C-reactive protein (CRP) and pro-inflammatory cytokines such as IL-1 and IL-6.[@CIT0007] Inflammation is known as having a pivotal role in atherosclerosis development.[@CIT0008] The injury and inflammation are mediated by the release of macrophage-derived inflammatory cytokines like interleukin (IL)-1, IL-6, IL-23, and the generation of reactive oxygen/nitrogen species, each of which has been implicated in impaired renal function.[@CIT0009] IL-1B is known as an inflammatory marker that has an important role in the pathogenesis of atherosclerosis.[@CIT0010] Expression and secretion of IL-6 are regulated by IL-1 and TNF-a, which are highly induced in the atherosclerotic plaque.[@CIT0011]

Interleukin-6 was first described as interferon β2, hepatocyte stimulation factor, cytotoxic T cell differentiation factor, B-cell differentiation factor and B-2 cell stimulation factor, reflecting its capacity to regulate lymphocyte activation and acute phase response.[@CIT0012] Until now, IL-6 has family cytokines which have been identified: cardiotrophinlike cytokine (CLC), IL-6, oncostatin M (OSM), ciliary neurotrophic factor (CNTF), leukemia inhibitory factor (LIF), cardiotropin-1 (CT-1), neuropoietin (NP), IL-11, IL-27, and IL-31.[@CIT0013] Inflammatory induction of IL-6 was regulated by specific IL-1B and IL-6 gene variants that modulate atherosclerosis development and progression especially in renal disorders. IL-6 also had a critical role in pathogenesis of various forms of CKD suggested by both human and animal studies.[@CIT0014],[@CIT0015]

IL-1 currently had 11 family members: IL-1α, IL-1β, IL-1Ra, IL-18, IL-33, IL-36Ra, IL-36α, IL-36β, IL-36γ, IL-37, and IL-38. The IL-1B cytokine also had other names, such as IL-1F2, leukocytic pyrogen, leukocytic endogenous mediator, mononuclear cell factor and lymphocyte activating factor. Its function is for Pro-inflammatory, Th17 cell response, and tissue repair.[@CIT0009] The major sources of IL-1β secretion are B lymphocytes, monocytes and macrophages, neutrophils, dendritic cells (DC), B lymphocytes, and natural killer (NK) and keratinocytes.[@CIT0016] Pro-atherogenic function of IL-1 ligands deficiency of IL-1R alleviated plaque formation in models of hyperlipidemia and induced bacteremia-accelerated atherosclerosis. This chronic inflammatory could induce organ impairment such as in kidney disease.[@CIT0017],[@CIT0018]

The aim of this study is to prove that type 2 diabetes mellitus can induce increasing inflammation marker in renal and the provision of darapladib as Lp-LA2 Inhibitor agents can inhibit inflammation measured from the expression of IL-1B and IL-6- type cytokine in renal. This study also discusses the correlation IL-1B and IL-6- type cytokine expression in renal.

Materials And Methods {#S0002}
=====================

Study Design {#S0002-S2001}
------------

This study used Sprague-Dawley rats (4 weeks old, weighted around 150--200 g) obtained from Bogor Agricultural University, Indonesia. These rats were divided into three main groups: normal group (no high fat diet and no treatment of darapladib), high fat diet (HFD) group with streptozotocin intraperitoneal injection (35mg/kg BW) administered before blood glucose first measurement to induce T2DM and darapladib group (high fat diet and treatment with darapladib). Each group was treated within two serial treatment time: 8 and 16 weeks. Darapladib was purchased from GlaxoSmithKline. It was administered orally as much as 20mg/kg/day according to time serial group. The control groups were given placebo. Normal rat food contained 3.43 kcal/g total energy calories, while the high fat diet contained 5.29 kcal/g total calorie energy. Thirty grams of food were given to each rat every day. To ensure the type 2 diabetes mellitus (T2DM) model, we measured blood glucose, insulin resistance (HOMA-IR), and lipid profiles.

Measurement Test To Ensure T2DM Model {#S0002-S2002}
-------------------------------------

### Blood Glucose Measurement {#S0002-S2002-S3001}

We measured blood glucose level using GlucoDR blood glucose test meter (All Medicus Co., Ltd., Dongan-gu, Anyang-si, Korea). Fasting blood glucose levels were more than 7.5 mmol/L in rats or random blood glucose level of 10.4 mmol/L was confirmed as T2DM.

### Insulin Resistance Measurement {#S0002-S2002-S3002}

Measuring insulin resistance can be performed using homeostatic model assessment-insulin resistance (HOMA-IR) formula especially in rats which required some data, such as fasting glucose and plasma insulin levels by the following formula.[@CIT0019] $$\documentclass[12pt]{minimal}
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HOMA-IR = Explanation: HOMA-IR: Homeostatic model assessment-insulin resistance FBG: Fasting blood glucose (mmol/L) FINS: Fasting insulin plasma (µU/L).

In the Interpretation of HOMA-IR calculation in rats, the result \>1.716 can be categorized as insulin resistant with 83.87% sensitivity and 80.56% specificity (95% confidence interval).

### Lipid Profil Measurement {#S0002-S2002-S3003}

Measurement of LDL/VLDL, total cholesterol concentration, and HDL were performed using colorimetric method, EnzyChrom Assay Kit.

Interleukin-1B (IL-1B) And Interleukin-6 (IL-6) Expression Measurement Using Immunofluorescence {#S0002-S2003}
-----------------------------------------------------------------------------------------------

Il-1B and IL-6 expressions from renal tissue of rats were measured by immunofluorescence. The renal tissue was previously fixed with PHEMO buffer (68mM PIPES, 25 mM, HEPES, pH 6.9, 15 mMEGTA, 3 mM MgCl2, 10% \[v/v\] dimethyl sulfoxide containing 3.7% formaldehyde, and 0.05% glutaraldehyde) and was processed by immunofluorescence labelling with anti-rat antibody IL-1B using rhodamin secondary antibody (BIOS Inc. Boston, MA, USA) and anti-rat antibody IL-6 using FITC secondary antibody (Santacruz, USA). This parameter was observed with confocal laser scanning microscopy (Olympus Corp., Tokyo, Japan) and was quantitatively analyzed using Olympus FluoView Software (version 1.7A; Olympus Corporation) which generated numeric data in international unit, Arbitrary Unit (AU).

Ethical Clearance {#S0002-S2004}
-----------------

All experiments were conducted according to the principle expressed in the 'Guiding Principles on the Care and Use of Animals'. The study received prior approval from the ethics committee of the Animal Care and Use Committee Brawijaya University, evaluated and approved by Indonesian Health Research Ethics Committee through approval No. 267/EC/KEPK-S1-PD/07/2017.

Statistical Analysis {#S0002-S2005}
--------------------

IL-1B and IL-6 expression were obtained, and normality test was performed to determine the normality of the data. The data of expressions were analyzed using one-way ANOVA to determine the effect of darapladib administration and the interaction between times in Sprague-Dawley rats renal. This analysis was followed by Post Hoc using LSD method to detect parameter differences in each treatment group. Statistical analysis was performed using SPSS software version 21 (IBM Corporation, USA).

Results {#S0003}
=======

We measured fasting blood glucose, insulin resistance, and lipid profile to ensure that the rats were developing T2DM. The result can be seen in our previous publication by Heriansyah (2017). T2DM model was made successfully if fasting blood glucose \>126 mg/dl and insulin resistance (using HOMA-IR) results \>1.716.[@CIT0011] 20 mg/kg BW/day of darapladib given to T2DM group showed a decreasing in LDL and total cholesterol and an increase in HDL both in 8 weeks and 16 weeks. Level of blood glucose also showed a decrease in 8 weeks and 16 weeks of darapladib administration. From these results, we also concluded that Sprague-Dawley T2DM model was successfully made.

The T2DM group treated with 20 mg/kg BW/day of darapladib had a decreasing expression of IL-1B compared to the T2DM group in 8 weeks ([Figure 1](#F0001){ref-type="fig"}). ANOVA test with 95% confidence interval showed that there were significant differences in the expressions of IL-1B between T2DM and DMDP group in 8 weeks with p\<0.05. The result in 16 weeks ([Figure 1](#F0001){ref-type="fig"}) also showed the significant differences in expressions of IL-1B in T2DM compared to DM treated with darapladib group (with p\<0.05).Figure 1The Expression of IL-1B- type cytokine of 8 and 16 weeks serial treatment time on kidney (P ANOVA = 0.029).

The result of IL-6 expressions also showed that DMDP group has lower expression than T2DM group in 8 weeks with significant value (p\<0.05) ([Figure 2](#F0002){ref-type="fig"}). These results as well as the group in 16 weeks which had a significant difference between T2DM group compared to DM treated with darapladib. The results of Pearson correlation analysis showed that there was a strong correlation between IL-1B and IL-6 expressions in renal tissue with R^2^ = 0.743, P \< 0.05 ([Figure 3](#F0003){ref-type="fig"}).Figure 2The Expression of IL-6- type cytokine of 8 and 16 weeks serial treatment time on kidney (P ANOVA = 0.033).Figure 3Linear regression of kidney IL-1B and IL-6 type cytokine.**Abbreviations:** IL-1B, interleukin 1 beta; IL-1B, interleukin 6; aU, arbitrary unit; NC, negative control; DM, diabetes mellitus; DP, darapladib.

Discussion {#S0004}
==========

Metabolic syndrome includes central obesity, insulin resistance, elevated blood pressure, impaired glucose tolerance, and dyslipidemia.[@CIT0001] These conditions, combined with low-grade inflammation, caused metabolic derangements which may initiate changes in heart, pancreas, liver, and kidney.[@CIT0006],[@CIT0007] Diabetes mellitus is well known as a risk factor for the development of acute renal damage.[@CIT0020] Peripheral insulin resistance and/or impaired insulin secretion are causative factors for diminished carbohydrate metabolism. Glucose intolerance is commonly found in patients and animals affected by renal impairment.[@CIT0021] Previous research stated that renal disease patients show an increased circulating level of non-specific markers of inflammation such as C-reactive protein (CRP) and pro-inflammatory cytokines such as IL-1 and IL-6.[@CIT0009],[@CIT0012]

Atherosclerosis plaque formation in renal is regulated by inflammation in T2DM.[@CIT0022] The state of Hyperglycemia can increase NADPH oxidase complex which results in increased production of reactive oxygen species (ROS) and triggers Ox-LDL resulting in increased oxidative stress and release NF-κB from the cytoplasm to the nucleus that causes the transactivation of multiple pro-inflammatory agents.[@CIT0023]--[@CIT0025] Lyso PC and ox NEFA produced by Lp-PLA2 action through ox-LDL are able to promote monocyte migration by inducing monocyte chemotactic protein (MCP)-1 and stimulating Interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α production and scavenger receptor expression in macrophages in a concentration-dependent manner.[@CIT0011] Hyperglycemia also increases the NF-κB level, resulting in increased levels of CAMs. NF-κB regulates the increase of other inflammatory markers like TNF- α, MCP-1, IL-1, and IL-6.[@CIT0025]--[@CIT0027] The injury and inflammation are mediated by the release of macrophage-derived inflammatory cytokines like interleukin (IL)-1, IL-6, IL-23, and the generation of reactive oxygen/nitrogen species; each of which have been implicated in impaired renal function. IL-1B is known as an inflammatory marker that has an important role in the pathogenesis of atherosclerosis.[@CIT0028],[@CIT0029] Interleukin-6 (IL-6) associated with endothelial damage can initiate atherosclerotic events. Expression and secretion of IL-6 are regulated by IL-1 and TNF-a, which are highly induced in the atherosclerotic plaque.[@CIT0009] Inflammatory induction of IL-6 was regulated by specific IL-1B and IL-6 gene variants that modulate atherosclerosis development and progression, especially in renal disorders.[@CIT0022]

This study confirmed that darapladib as an inhibitory agent of Lp-PLA2 can decrease the inflammation process in renal T2DM rats. The results showed that IL-1B and IL-6 expressions decrease significantly in T2DM treated with darapladib in 8 weeks and 16 weeks. These results are consistent with in vivo studies by Wang et al (2011) which concluded that oral darapladib induced a significant decrease of IL-6. Darapladib reduced the expression of Lp-PLA2 to interact with the catalytic residues of Lp-PLA2.[@CIT0030] Atherosclerotic lesion treated with darapladib was able to demonstrate the improvement of the lesions associated with decreased activity of Lp-PLA2.[@CIT0027] This therapy holds promise in cardiovascular disease. Atherosclerosis is known to have a chronic process which requires a long-term treatment.[@CIT0031]

Pearson correlation test showed that IL-1B and IL-6 had r^2^ = 0.743. That value defined that IL-1B and IL-6 had a strong correlation. The increase of IL-1B type cytokine expression will also increase IL-6-type cytokine expression. This result is similar to that of other research which showed that both cytokines were pro-inflammatory cytokines. Further, the increase of both IL-1B and IL-6 will increase the inflammation process in the kidney. Then, it would increase the risk factor of people with T2DM and Dyslipidemia who had high risks of kidney disease and other complication.

Treatment with darapladib has been evaluated in diabetes and hypercholesterolemia (DM-HC) models in pigs. It resulted in a considerable decrease in plaque area and a markedly reduced necrotic core area. The Phase II Clinical trial research has also shown that the inhibition of lp-PLA2 with darapladib has arrested the expansion of the necrotic core, a key determinant of plaque vulnerability, despite not preventing plaque formation (Miao-miao et al, 2011). Another Phase II study also indicated that IL-6 could be reduced by darapladib administration. Meanwhile, there were disappointing results of Lp-PLA 2 inhibitor (darapladib) which failed to reduce the risk of secondary major coronary events when added to optimal medical therapy in both SOLID-TIMI 52 and STABILITY studies. In both SATBILLITY and SOLID TIMI 52 studies, patients were treated with darapladib orally for secondary prevention of CHD and monitored every 6 months. There was only a small benefit in the secondary end points -- a 10% reduction in the risk of major coronary events and a 9% reduction in total coronary events -- in the STABILITY study. However, the findings were considered exploratory, and of uncertain significance in the absence of effect on the primary endpoint.[@CIT0032]

This is the difference between this study and the Phase III STABILITY study. The Phase III trial, SOLID-TIMI 52 over 13.000 patients received darapladib within a month of heart attack and evaluated for cardiovascular death, reduced in heart and stroke attack. However, none of the studies demonstrated the benefit.[@CIT0033]--[@CIT0035] In this study, we gave the darapladib to DMT2 rats model which have a high risk to develop macrovascular complication such as atherosclerosis or microvascular complication like a diabetic nephropathy. It showed that darapladib can prevent atherosclerosis in DMT2 rats by reducing renal IL-6 and IL-1B as inflammation markers. Our study suggests that Darapladib as an anti-inflammation therapy can be used for the prevention of cardiorenovascular disease and lp-PLA2 is a promising target against atherosclerosis. This can be the reason of the darapladib clinical trial failure. Darapladib did not have effective actions in late or chronic atherosclerosis. On the contrary, it had good effects in the early phase of atherosclerosis.

Conclusion {#S0005}
==========

From this study, we are able to predict integrated data for IL-6 and IL-1B tissue expression in a risk factor of atherosclerosis using T2DM rat models. Our results show that atherosclerosis caused by inflammation in renal T2DM SD rats could be inhibited by the administration of darapladib in diabetes mellitus condition. In summary, darapladib attenuated the inflammatory burden, resulting in the prevention of atherosclerosis in T2DM Sprague-Dawley rats.
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